Acute upper limb ischemia caused by a gunshot penetrating vascular injury and subsequent arterial embolization by foreign body is uncommon in everyday practice and is associated with high morbidity/mortality rates, especially with emergency surgery. We present the case of a 72-year old male who attempted suicide using a gun. A gunshot entry wound was evident in the right upper chest region with no pellet exit wound. Radial pulses were palpable bilaterally. Angiography revealed right subclavian artery direct injury and pellet embolization to the brachial artery. The patient underwent open surgery, with reversed saphenous vein interposition graft to replace subclavian artery defect. A pellet was removed by a separate arteriotomy in the brachial artery. Associated injuries were clavicle-comminuted fracture and subclavian vein injury. The patient remained well 5 months later with no reported complications. In conclusions, the presence of radial pulses alone on clinical exam cannot rule out the presence of a significant vascular injury.
Introduction
Penetrating vascular injuries are associated with high mortality rates, with a significant percentage of patients dying before reaching the hospital [1] [2] . Moreover, gunshot vascular injuries may be associated with bone, nerve and muscu-Surgical Science lotendinous damage and treating these complex injuries usually requires a multidisciplinary team approach [3] . As patients with intra-arterial pellet migration may be asymptomatic, because of a good collateralization, this may delay diagnosis and subsequently result in poor outcomes. Therefore a rapid diagnosis for a physician can be challenging. According to Feliciano D.V. et al., patients after penetrating trauma, presenting with symmetrical pulses and normal ABPI, should be discharged and followed-up. Only 1% -4% of these asymptomatic patients eventually undergo surgery [4] . We report a rare case of a pellet embolization to the right brachial artery after right upper chest gunshot injury. The patient had concomitant subclavian artery and vein injury and comminuted clavicular fragmentation. To the best of our knowledge, this is the first case report addressing pellet embolization to the brachial artery.
Case Report
A 72 year old gentle man was admitted to the emergency department after he attempted suicide using a gun. The primary assessment followed the trauma protocol and revealed a gunshot injury to the right upper chest region with no pellet exit wound. There was no neurological deficits, active bleeding, palpable thrill or audible bruit (indicative of arteriovenous fistula), or pulsatile mass. Radial pulses were palpable and symmetrical bilaterally. Since the patient was hemodynamically stable, further radiological investigations were performed. A chest radiograph and computer tomography scan of the neck and chest were performed. These revealed the right clavicle comminuted fracture which, on consultation from the ortho- The patient was taken to the operating theatre for a surgical exploration. Before surgery the patient was re-examined and the right radial pulse was absent and the arm was cold, with reduced capillary refill. Viability of the extremity after trauma was assessed with The Mangled Extremity Severity Score (MESS), which estimated score was 6 (6 or less means that a limb is still salvageable).
Under general anesthesia, a transverse infraclavicular incision approach was used, which revealed associated damage to the right subclavian vein by the cla- Control angiography was performed and no missed arterial injuries were found ( Figure 3 ). Heparin was continued for 3 days (5000 IU three times a day) post operation. Intravenous antibiotic prophylaxis with cefuroxime and metronidazole was administered for 3 days as well. The patient was discharged on postoperative day 7 with normal motor function and no neurological deficits and remained well at one year follow-up with no reported complications.
Discussion
The majority of the vascular injuries are caused by penetrating trauma (90.2%) with the commonest due to a low-velocity gunshot injury (56.4%). Among all vascular injuries, incidence of upper extremity vascular injury is 50%, and 25% of these involve the axillary and subclavian vessels [5] . Embolization by foreign body after a gunshot in the civilian setting is rare and the exact incidence is unknown. It is commoner in arteries (80%) than veins (20%) [6] . Drapanas T. et al. [4] study showed that the majority of the patients with arterial injury have other associated injuries. Among the 226 patients, 41.1% were found to have injuries to adjacent veins, 10% had neurological deficits with decreased motor function and 8.3% of the patients with extremity injuries had long bone fractures. In the study of penetrating subclavian artery injuries by Lin P.H. et al. [1] , the commonest associated injury was that of the subclavian vein 44%, followed by the brachial plexus 31%, latter accounts for the majority of long term morbidity.
Similar to our case, additionally to a right subclavian artery injury, the patient had clavicular comminuted fracture and bone fragments subsequently caused a subclavian vein injury.
Gunshots, classified as low velocity, are more frequently used in civilian settings as it was used in our case. When a low velocity bullet or pellet passes throw the tissues, it loses its kinetic energy and can remain lodged or enter the vessel.
Within the vessel, the pellet usually migrates distally with blood flow to a site remote to the entry site, thus becoming an embolus and embeds in the site of the same vessel diameter as the pellet caliber is which results in distal ischemia [7] .
The diagnosis of penetrating extremity vascular injuries is challenging. According to Drapanas T. et al. [5] study of 128 patients with injuries to major arteries of extremities, 27.3% had palpable pulses distal to the injury, which indicates that physical examination is not a good predictor of vascular injury. Although, more proximal vascular injuries may present with palpable distal pulses up to 70%, secondary to a good collateralization at the shoulder or axilla [8] . It is therefore recommended to discharge patient with only "soft signs" of vascular [4] . In the present case, the patient exhibited with symmetrical radial pulses and had only "soft signs" of vascular injury, like wound proximity to the major vessels. Following admission to the operating theater he developed "hard signs" of acute artery occlusion-right radial pulse was lost and his arm was cold and pale. Without routine angiography, diagnosis could be delayed, hence culminating in unfavorable outcomes. Even when there is no signs of vascular injury and especially when there is no exit wound, embolization should be suspected and careful investigation should be performed.
For hemodynamically stable patients with penetrating gunshot injuries, conventional angiography, CT angiography or Duplex ultrasound are all recommended imaging modalities to perform routinely in order to evaluate possible vascular injury [7] . Conventional angiography is considered as a "gold standard" in diagnosis of penetrating vascular injuries. It can be also used for subsequent endovascular treatment. Angiography provides an accurate depiction of vascular lesions and assists for further surgery panning. It also helps distinguishing between intimal disruption and vasospasm by using vasodilators. Moreover, angiography can evaluate arterial dissection most accurately. However, because of its invasive nature, complications like hematoma, infection, vessel injury and etc. may occur [9] . CTA in comparison with DSA has a high sensitivity (96.2%) and specificity (99.2%) to diagnose vascular injuries in the extremities. CTA is less time consuming than DSA, which is very important factor in emergencytrauma setting [10] . According to Bynoe R.P. et al. [11] Duplex ultrasound has 95% sensitivity and 99% specificity to diagnose vascular injuries. There are some disadvantages related with this imaging modality, including the need of experienced examiner, 24 hour availability and compromised visualization in some areas like axilla and arterial bifurcation [3] .
In the management of arterial injuries, which are considered as contaminated wounds, autologous saphenous vein from the non injured extremity is recommended as first choice conduit to replace the injured segment [12] . When autologous grafts can't be used, synthetic vascular grafts are an alternative. However, wounds which revealed that prosthetic grafts are associated with lower patency rates compared with autologous vein grafts, however synthetic grafts didn't have any infectious complications, except the cases when the graft was exposed or was next to the site of osteomyelitis [13] . Controversies among the studies remains as some of them are showing identical results with autologous vein and synthetic grafts [14] .
Extraction of intra-arterial bullets in the arterial system is mandatory if the patient exhibits symptoms of acute peripheral ischemia. Asymptomatic arterial and venous embolus by foreign body removal should be considered individually, according to the risk of possible displacement and further embolization [15] . We Complications after penetrating extremities injuries are devastating. In Drapanas T. et al. [5] study, morbidity after surgery, was even higher than the mortality. From the 181 patients with injuries to arteries of the extremities the amputation rate was 7.1%, 20.4% had decreased limb function due to motor nerve deficits or muscle damage, 10.2% complained of chronic pain, infection occurred for 5% of the patients and 23% had operated extremity edema. Luckily, our patient suffered no postoperative complications and no sequelae.
Conclusion
We report an extremely rare case of pellet embolization to the brachial artery following a thoracic low-velocity gunshot injury. This case highlights the need for further vascular imaging even when clinical examination is normal, to rule out the presence of subtle vascular injuries.
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